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C57) [gift] 

[gift] 2f3SHJ§«. (Ultt. SIKHtttKgtifc^S 

flHfcSWO-CfHKSftfc. MIPS. ^5S. 

^■$"*Hb5 x l 0" cm-'JKT, M$L< til x 1 0 19 



6 0 2 



8 0 1 



6 0 5 



6 0 4 




6 0 3 



6 0 8 



6 0 9 




CO 



- (2) 

1 

5x l 0 19 cm- s «T. #£L<B1 x 1 0"cm- 3 « 
S £ fciUfc C £ tc <fc o T m ZiT-tc C £ *^g![ £ T 

un. io 

5x l 0 ,s cm- s JWT. *f*0<Bl x 1 0 1B cm" 3 JW 
ISM«:u-if-5fefe 0 < B^tt£|^&3£ft£flg3Jt,-c 

%&mt-?z*mmt®<Dftwmm. 20 

5X l 0"cm- j aT. *?£L<B1 x 1 O'^m-'K 

buiccimi^. ^b^. ^bgji^sstsi&^fis; 

•TSIgi. Tt>FSa#gmK£fflLTl'-1f-:fcfcl,<B 
^■n £ |3jtg£3£5££ flat* b T^ISti- L- fetea tcffil&Jfcfl: 
tO»5ISi?rtt5C ££*Sm£TS¥i!i#1#f4© 

[ff*S6 ] tt*^5{c*jt^r, «S1«jg©{b^B. 

S i N, O y C, (05x^4/3, 0iyg2, 0^ 30 
z^l. 0<3x + 2y+4zS4)-C*0. S 

£ HtKtStiftEraa-*- 5Ci £ r fc^^rffttm© 

5x l 0 1S cm- ! «T. »*0< Bl x l 0" cm-'K 

gnrauttfcift. Wite^b-eL/fesx^£. *©«. * 

3R*Stf#Hai t t , {C*5l,> , r. 2 0 0~6 0 0@[C-Cf^te 40 
[000 1 ] 

[gfSLt©fUE#if] 49t93«. ^%^iS»£-r-5¥ 

* c £ k j: o r *#&©&# s titcmm^m^mm. 

£. 50 



!RfPI¥5-2 9 9 33 9 

2 

[0002] 

»s*«^g*^*i-rstc*/c-,rB. fmawco^ 

m-WUn (•v»t>i9»*r*JV7T^a|i?4M*> 

8*f *©?»& < . ttn m?iffi©iaSBBtf*J^ 
^96^«: L/T 10c m'/V • s «T©3JR*mfc L < 

a*©**©* + *©¥ 5 4M4*r*©*K 

Wfc * +■ U i»&B&£© 1 K«T©*m*SBfet> TV*. 
*;l>7 t * £«?§ 1 0 n m«ft©SSSfflfttgli©3l^ 
[0003] §-c. T j e , i'7 t (r*;u^ 7 * 

^Ktt. ^-©fPS!{B4 0 0SC«T©J:bl5e«J{ffia-CfcC 

[0 0 0 4] i/^i/jft^e. S^&rt;!'??^^ 
IWO+t'JtSWlfi <«-=?«ttffi-*>#-JU3Wifi) # 
*L</h3l>fc«&. CfaS^OSf, 
Z>XZ- (TFT) Oft*A^SSf|f4i0tit>4C 

B©*^* ru-1f-T--Jt'J £Pf^tl£{c-r5*i. 
77 »^i'a9>7-3t;?:M f i*-r.2>Ji-&fe^Sn-5)fc©£T 

*. ) 

[0 0 0 5 ] 0#>t,fc#e>. U--!f-T--^atc < i:o 

/c. «*.«. ^tSM©«^«:B. «SSn-Ci#'»*t© 
T&4>*#&m^ia)SB2 0 0 cm 1 /V-sf* 
0. CtlB#M^(01^l!lg, 1 350cm' / 
V- s©7^©l-CL3{P^l^ S/c. U-lf-T^-JV 

ft) BW^ttic^l / <. fro. |QDtMPV3l<:^«9«|i 
tt©K6o**i^c* < , $tt©KTVfcR-¥Bfrtfcf#jft 

[0006] 

[^BJ*i«9il/«fc')£-r4S^] 49K9i«, S6*©U- 



3 

[0 0 0 7] 

- r ~ - JMSfc <* o t f¥H g ft fc¥*tiW©tt Jltt* 
»*fcT*BWrt>«EjB3fts. #*9BA6tt. u-if 

[0 0 0 8] W&tt. #ISaa*rB, 521c nT 1 CC 
ftfca*»«©^v> • ^ft<i:9 fcJS&gfc 

(Sftft) «K:a»-r*«ifij3&j«Kisnte B tut. c 

ft*/ 

[0009]il «COiM^t 1 WC*4*S. 20 

?»ttK («M) ©M«*sw.-«-^j»*a:. mm 

JBfcJcoTTFTSrfHjU *©CV (gM-^JE) 9$ > 
#>69J&#>%J:5(C* • fc*~#©tp'I>fil;& s 5 1 5 

cm- l *»iLt. S^»»S©W*cASftjSl>#ji 

6ft& 0 -r&*>%. 5 1 5 cm-Hiirrtt^aao 

ttt-^Q^ffloiSJntc^^r, 30 
WOT"*. 

[0010] c<&m&.\*mbtrtc* 2ocDffl3W?aFr* 

Ci^in^o *»9B#6©WSSCC<fc*i % 515 

feOT^l 5 15cm°H±m 1>-1?-T--)V 

[0 0 1 1 ] ^> • fcr-*<D*'&ffitt, iHSSHt^JR© 
77>. f-^fi5 2 lcm-^Ii^t:i^< t f# 40 
6ftfc«**«>R©*Afi«tt2 0 0 cm 2 /V • st 

r ^^^*5<tD^^^-cD»B^r * &*ik©$[ 

2xiO n cm- 3 fig^o/c fl 
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[0012] *W«»CttCft6©««. £SR, 

^>€>Wil!S^©^ffiCDifi^B, Cft6S«7c*©»B»« 
ffitf>THfl»©-C*£;^ Cti6©«««:ff#r4»ll7E 

©+*»»r*!K Sfc % AI©4>ASB»««mEb»b 

■rt©i*iL6ti**>6r*4. jell©* 5 

[0 0 13] ChtHEJCST. H2 <fc0 9H6^&J:5 
fic, «*©M»tB$*a6-rc;iCcJ:-5r, «u<m^ 
WftttiWiS-ttSCia&ST^fc. C©tt««B*K:« 
JR^BHR^dttiSWACcteC^T'fcraWrft-afc. ^© 

aster*©-?***^ iwfc«*ft*iBRflm«©' 

IS«©JS*iit>(CJBia^iit^6tl; «WCCtffWL 

u +©fca>cc*»K3&s/jN s<tt&i^5»i. v - if 

6ft 6) ^S H ^i^orig B H B iS^*r-5©r$>^^^ @g 
^MT©^^^i^^^B«S B B H ^©%^^ < , J: -o r 
©jf£iH©A * S j&s/Jn S < ft o T , 

[0014] i>Tta t ci,x<b, wmtpvmmis&z^z 

g*lxio ls cm- 3 itSC<LtCj:-9t t 1 0 00 c 
m J /V • s£l>9A*tt«*»»«jW6ft;fc. MIR 
«KHi*«c fc. fflR©«K*«3R©ii**/hS < T£> C 

*-^»Kfcoi»rtraatt»fii3W , #6ftfc. 

[0 0 15] $6tC % iBR«tt^*l»*»^Tfc/h3l» 

m^Tt, . tr-^©ffi«isT-»«ia©fl«B 

Hl©»^iRI«CC«rftft3&s^fc»?.ft^ofc. #2PJ5 
A6B, H2©jAB^0e{H©««». U-1f-T^- 

«6U c©««*»B-|||S»««i*«Wte. c© 

[0 0 16] 3MM8A6tt, S6«c, H«tt«rtl3W^v 
>• tr-^©*ffl« ( FWHM) <c*5l»T:fcm6ft*C 
iSJSILfc, C©tt^*B3K:7iVr. B3©«#B, 



5 

tlJfc (FWHM RATIO) FWHM RA 

T I 0*S/h3 < , 1 CCifil* t>©«i*#ttaa*tcai,»« 
jfi*r«LTl»4£*2.6*i&. tit, H^6986*»ft 
<£MC, BBR?«K*SBIi;»*CC», FWHMRAT I O 

fc. $/c, 9c<D5-?> • b*-#©4^ffi©^£Ptf§K: 

[0017] 3 *»9HA6», ^> • fcT-£© 

;^7^^S"r^77> . t*-^ (4 8 0 cm" 1 

& I c (5 2 1 cm-^ifiOf-i') rfOofcfeCDr^) 
*h J£TF, INTENSITY RATIOiPf^ I 
NTENS I TY RAT I OCC«LrW % * R4«DBt% 
atK^RIDr**!^ INTENSITY RATIO 

H«tK©aKH*K:«>. SX*ftX©«KK:HLTt>j& 

6n/c„ ttit>%. C ft 6 ©j*K©/h;n »&©«<£*:* 

rfcS«ft«R]*tm 6*1^:. C©»^K:fcia2. S3© 
«&&RKKH4©j£«J: D£ffi»«n-l¥tSAff«r 

[0018] §6tc k «RWCc^v> • tf-£©5fcfl»s 

OS. K*©«ie©/hSttTO©^> * tr-f 

[0 0 19] 8t, £1±©J:5K:. * * V +S»*&ft 

ft6©73R©*W,»-Tft<>, 5 x 1 0 19 cm- 3 «T, S 
^L<«1 x i 0 19 cm- 3 jyTiT^CitcJ:-DT, 
a5Ra"C«-?-S?ttai It 1 0 00 cm' /V • 

6fcCft6©j«©«K**6TC&fcJ:oT, 
*SA3£%tt©* + V +*»KK:2liffl3&s»6<a* 4 i t> 

H««c*ffi«:J:o , C v ^-^S6S<bLT, 3 0 
0 — 5 0 0 cm 2 /V • s©ffl*3cffiCCfi5C43&s-C# 
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[0020] i>3&suft*s6, mfL\*s cne>©7c*©?g 

1 x 1 0 16 cm- 3 WTOC-r-SC<J:^ t^tSSS 
3^(1X1 O^cm-'OT) ©&JJIfc:u-tf-7~~ 

/c#>, *5UB, H©«ffiWR»3ftTl>fcCft6©;tf 
[0 02 1 ]^ £ft6©B!K*»W&fc«&fcfcJ:» 

St fis*©«K^*toT/hS(r^ 10 15 'cm- 3 

X. SftiS*. «ftSSIW©«liBI*JBStU. *©8L 
Xffi#H»* (10-Mor r«T> 

;«*c45t:4*ciot» «ae>TWR, RX© 
«*©/M<. ii5l^a&@[©*^«S^^T-SC<i: 

20 ^r^^ 0 ox, mm<D&m&i>irtik 

1 x l 0 1S cm-'JWT-C, IT-fM^lOOOcm 1 
/V - s ©8i»W#6n/c e 

[ o o 22] r^y r^^mwmomm^m^x: m 

W^tt, M^tt£fa±3tf&fc&Kfct, *ft-eft©»« 
©»^»«©* + >><-*«XU KA&Wtoxn*' 

- *awr«c43Ma*w,». c^i6©^M©^©iitR 

- ti»ilKS«©a«tcJ:^r«cStiS. t>rft©*ffi*S ■ 

/B*r u r «> , s^^j: c 4 termor *)i>7 r z^m 

^^SR^Stir^ttC^Ci. X$>Z> 0 S^r 
40 W^ar^^yX^SWtBISrJKJiELrfe. — fi. ^© 

*»BK>* + u — ittK/hSttfeor*?). 

[0 02 3 ] tft. COt LTttU 



7 

fc* <t5*5£ SiN, OvC, (0<x<4/3. 0< 
y^2, O^z^l, 0^3x+2y + 4z^4)Tg 

©JiSttS 0—1 0 OOnm*siLtO>fc. 

««©»«&««>. ^v>»*CcJ:4Cti6©tlBB^6, 
fcfc J: * <D#8bK £ JUST * C i *«r * 4 . 
[0 02 5] H5B, m=F9mBL&2. 2 cm 2 /V - 
;s,- 2 0 1cm 2 /V • sfe«J:&9 8 0 cm 2 /V <s 

* ;i/JBJ5S««©*W«: te w ^ 5 > * tr- £ <ommm 

(F.'WHM) *mLtc&<DX$>& 0 Hfcfc^T. 

©g^r^ot, loo/imr*^ x«:*-**jwbjbs 
««©ffi**«u x/L = oiit ***jw&5R«« 

««©FU^>««i©Him X/L = 0. 5itt % ^ 

5KWy-iMI&fl&&S2 2 cm 2 /V •■sOt»©ttFVHM- 
U3&>«>-ecDa»tt^:* < ftlS .F WHM^VJv 

T-5fe©-Ctt&ir». L*>Ltt3&S6. FWHMtfDtlBrCCJ: 

mfewwrcc £ 6 -r acaw & t> <dt& zct -o r 

&*>\ C©»JK<DB!*Jft*&*ft8 x 1 0 20 cm" 3 

[0 02 6] — «^Sttffi#2 01cm 2 /V-s 
<D*><DB, lSifig«D<8xiO J0 cm- J r*^ 
/Co H^eMfe^ttct^CC, £»WCCFWHMtt(BTl/ 
X\,>Z>&* FWHM©»»ftt?5Ptt*«*t*»-3fc. ' 
t, WBrfci-oTtt, W?*«|R*S9 8 0 cm 2 /V • 

s©fe©iH«*Sl>tt*hJ:0/jNSttFWHMO«* 
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7kU/c 0 FWHM3&S/h3l»i^5Citt*©aU»©«-T- 

[0 027] «**«ifl[^ 98 0 cm 2 /V • s <D&© 
B, BWaRBffi^ofcit^T, SL</hS<Jftl-X. 

'CC'FWHMtt/hS <*, S6(CFWHM(D*lSrttStt*>^ 
SIS C©Citt*»«CC«-T-*»K3&J*#<, i&fgJI 

mm t ra»att«tt t w eft-otwcit 

[0 02 8 ] U+*»fl[*»4ifc«>K:tt, _bfB 

m&&Lk* -rst*>%, a«©»^«:tt^aBETr 1 4 0 

0gC«±, ^JUv-«JA©ti^K:BA«ffT-C 1 0 0 

40 ^v-u-if--cS|3HS<ari»*J:5a 1 0^^#il* 
- 5fi«>TSt^lB«:*jl»TB, 1BIHWfC2 0 0 0SC5r' 

[0 029] «fl«9tt*31-C***, ^ft^M^rlx- 
if-T^-^U/c^C, *JR»H»*T2 0 0 — 600 

sen o»-6B$r^(DT^-;^ii^ife-rciBSi^ 

50 |§IB$CC, ^(tJK^HIS^CCfeli-C^SiMIS^ (^r>y 



(6) 



[0030] 

[Xtttt] WOWU) ^U-^aUBOTFTtfflH 10 

£-f, SS<Z>RFX^**ffiCC<fco-C k JlSi&JlOOn 

6 0 1, SS^S 15 0gC, #S^«^WWtC 1 0 0 
%T;l/=*>TJE2>ttO. 5/«*;V (pa) t^-^/Cc 

tc 0 7;^>oaffitt9 9. 9 9%J£Lbr£>o/c 0 &A 

1A»2 0 OWt, RFJSS8KW13; 56MHzt* 

o/Cc ^<d^ ccDr^v^T^^y n>jg^ri o o u 

mx 5 0 0 /zm©fi*»(Ci ? U r^frVyX 20 

[0 03 1 ] COtAHOlUR* SOS*Jj:CfKSIS©«KI4 

M^Wffi (S I MS) (C^^tSb/c, 
[0032] CGDM£ 1 0" s t o r r<DE2j<D : 

Tx43^-U-1f--# (KrFU-f-, ttfi2 4 8 ■■ 
nm, ^1/X(S1 0^>&\ JHWx+Jl/^— 2 0 0m 

7— -"-rt/fttectto/c. -30 
[0 0 3 3] S6fc % cnCcM**H«*-C©X^?* 
ffiKJcoTflESJftl 0 0nmOy-f h*6i^M6 0 3%ffi 
!&Ltc 0 £<D£it<DmiRmmtl 5 RF (1 

3. 5 6MHz ) SAl*tt4 0 0Wr&o/c 0 fl» 

fc. MSR6MjKtt9 9. '9 3*Et±T*oft:. EEAttO. 
5par*-?/t, 

[0 0 3 4] 7;H^^AI (f$20 0n 

m) *&»©JtfflK^*cJ:oT#j«u ^s«W«c»» 

F7-fi? *>^ffiCC<fcoTI**U £W b^i 40 
«6 0 4*JBJ5R-L/fc. ^ hWOililOOM-mr*- 
o/c e C©i^, F7<x»^>^Ccffll»6tifc-7.*-F-- 
U^* h 6 0 5 fcW-f F W«<D±CCKa*vcl>fc. 

F«^^#j*K:*'5V-f*>*l O^cm-mi 

fc. y-r fwkotkw:. -e<D±©y^ tnmty* f 

to%, V-^««6 0 64FU-f>««6 0 7 3&JJBStS 

titc c<D£5?&m6 (B) tt^-r, 50 
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[0 0 3 6"] Sfefc/SR^fttJ^SBitiCca*, 1 
0" s t o r r ©IE#rx*^v~ (KrFl/ 
-If-, Sfi2 4 8nm, 0 MM* 

*)V*f- 1 0 OmJ , «8W^JU^»5 O^a * F ) *JH 

[00 3 7] oiv? % *«»H«*-C©l»T--^**5 

l>o/cA,l 0' s t o r r*ti»-W*>^<l:ot 
SfStU COttB*3 0»fiom, 9 9. 9 9%« 
JiCDiffiScDTk^^^ lOOtorr S^C*- + >'<-l*3 

cca»AU HKtao oacr e'o^r-^Lft:. c 

[0 0 3 8]*»fC % V-*«tt*»<fctf FW>««D 
±Cc??qaE'r*MYka«JBt (»S 1 0 0 nm) ic^^^ 
W» TJV5^^A^S6 0 8, 6 0 9*Clti6<Z>«i««: 

[0 0 3 9 ] C©^^^h^>^^^<DC V^Ftt 

' 0 cm 1 /V- sT>&o/c 0 * 'V#l»ffi«JI (* 

- Ui/^L^-jl/FWI) «4; '9VC*o/c, S/cvt© 

. [0 040] ^U^«3S©TFT*fHH 

*££KlJ:oT* 3X l 0 17 cm- s ©i*flM>y 
■ Siftl 0 0 n m©7^7 7 y 

ft. cowrctt, aou-if^-r-wi/CcflEmstiS 
. K* F -U-lf-36 (2 4 8 rim) fc^r: M^'tt^T^ 

x-;i/$n^ 6 a««E3i, igasi sosc, #h 

g5^1M^ 1 0 0%7;^">rEfttt0 . s^xxjv 
(pa) Uofc T^=f>K:»*«*©fl6<0^** 
BWCc»Jraiyfca»ofc. r;v=fxo«ft«9 9. 99% 

fiLfc-C* o /Co tSA^*« 2 0 0WT, R F JSttftES 1 
3. 5 6MHz-CAo/c 0 ^-CDS, CCDT^&JU^r^^ 
U3>JBl*l 0 0umX5 0 0 Mm©fi5?JpK:x 
^L/c e 

[004 1 ] CcdSScdK^, tt»45J:Vi»RO»K« 
C>-m*> 1 0 l9 cm- 3 J£tT-e&-5>C<!:^ v 2^-f*>K 
S#WS£ (S IMS) Ccj:->T«HBLfe. 

[0 04 2] 3 6Gc\ CtlCCttSRatH^TO^Av* 
tttcJ:^r/P3j^l 0 OnmCDy^ h*6i^J^*?fML 
/c 0 CCDi^<DS«SS«l 5 OgC, RF (13. 5 
6MHz) !JtA«jtt4 0 0WC*-3^. #HM(^IH 



(7) 

11 

ommtQQ. 9%«Jte*ofc. J£t)«0. 5 par 
#> o /c e 

tO 04 3] *<D8L T;l/5r.»5ABl (Jl$20 0n 

F^xy*>y*cflit»6tifc:7* F UisA 

/Co FWSOTtett, ^<D_L(£>^ Mii7* F 
Ut>X F#^X££&oT*£ v-ftf >«&A3ft& 

[0 04 5] 3 6fc. SS^iXSffitcK, 10 

" s t o r rOBEATx + t'V-U-lf.-Jfc (Kr FU- 
tf-, »fi2 4 8nm, ^Vl/Xipl 1 0 *>>f^ 

fi©Kffi#>6JHWLt:, U— tf-T^-;lx€:*5C^o 20 
/Co CCDXfltCjc-oT, T-tJl/y rX • 5>»J n>^jg 

■ v-^««**c.»ttFU-r>««i^+-*;l/JBJiK«. 

[0046] our, TKRSffla^-coJKir--^** 

l>-o/a^ 1 0- 6 t o r r £-C£-#^#>:/k:J:oT 30 
SMIU 3 OOttCWMfcLfc. town* 3 0 
#ffi-?/c©^ 9 9. 99 %6*±<D«*©*3R#;** 1 
0 0 t o r r *Wt^t T fi(ciAU ' *K*'3 0 0 

Sere o^r--;UL/c B ccr,-iaa»aiyfc- 

[0 04 7 3 *«CC, V-XW&tecfcVF W>««<0 
±{C^*ftBMtS*BI (/PS lOOnm) tC^C^gg 40 

/Co 

[0 04 8] C©«||t««gaF^>^X4r-©CV«Ftt 

ocm 2 /v- sr&^/c, <*<e>&c\ L%imnK(x 

Ui/a*-;l/F«E) «3. 9Vr*^/c e 0*IHB« 
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Sfc % y-f FIE^ON/OFF 
U/c£#<D FU-Y>«SK(OJ:k*»5x 1 0 6 T?£>-o/c 0 
[0 04 9] C©*IW56*S[h5>^X^-<0^ + *;I/ 
fiBR. tf9R<Diftft«S IMSfc^o 
TaSJEL/fctt*. l^ftfe I x l 0 19 cm- J HTT*-D 

' /c s/c, ^^*ji/»ffi««*'7v>iw6i6ec«i:oTaa 

^b/c<bC*>, 77>« t'-^(DWI(3:5 20 c 

— Kiss* b fc<z> ft?wsiwi; ufca*©??aE3&isiB s n 

/Co 

[005 0] C^»{?i)3) ^U-tilOTFTIrffiSj 

jaa»RB*flii*T % /pswi oonm©r*;v 

3 1 OnmOifkliffilr^^f ^ 
n/cS5ISffi± KJlMtfKcflM 0 /Co r 7 7 ^>'J 

[0 05 1 ] $-T, m 1 <JMHlSK:X«4-fe ^ 

flf^<DJE£[# 10' s tor rJMTOttJR-C 1 BSBBffiJSL, 
/c 0 ot,^ JSHR«pJa^ftt*K: 1 0-- 4 t o r r &TflCU 
£5f3 ft, **«**A6 ft ^ <fc 9 Kt<gSi* ft/cm I © ^ + > 
A^io- 6 tor r S^SMeiL;, : ^^63®*^ " 

.'C«r-y* h£2 0 o«c«:«e D/ci'i; jcs&fil 

U ? t >^-(DEi^ 1 0 - 6 ' t o f r ^TOTt 1 

C/cCr>/Co ^9^©*-y9-Ftt9 9.- 9 99 9%^ 
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(57)Abstract: 

PURPOSE: To obtain thin film type semiconductor 
material of high nobility, by a method wherein a 
noncrystal silicon film in which concentrations of carbon, 
nitrogen, and oxygen are all specified is irradiated with a 
laser beam, fused, and recrystallized. 
CONSTITUTION: An amorphous silicon film of quartz 
601 of a substrate where an amorphous silicon coating 
film is formed is etched in a rectangle, thereby obtaining 
an amorphous silicon film 602. By secondary ion mass 
spectrometry, it is confirmed that each of the 
concentrations of oxygen, nitrogen and carbon in the 
coating film is lower than or equal to 1019cm-3. Next 
the film is arranged in a vacuum vessel, and irradiated 
with an excimer laser beam, thereby laser- annealing the 
film. Thereon a gate insulating film 603 is formed. After 
that, a gate electrode 604, a source region 606, and a 
drain region 607 are formed. An impurity region which 
has been made amorphous by ion implantation is 
recrystallized by laser annealing. Thereby a film type 
semiconductor of large mobility can be obtained. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this 
translation. 

l.This document has been translated by 

computer. So the translation may not 

reflect the original precisely. 

2 **** shows the word which can not be 

translated. 

3.1n the drawings, any words are not 
translated. 



CLAIMS 



[Claim(s)] 

[Claim l] It is the semiconductor 
material characterized by being obtained 
by having passed through the process in 
which each concentration of carbon, 
nitrogen, and oxygen irradiates laser 
light or a strong light equivalent to it, 
crystal, silicon, and was obtained were 
about 200cm2 / V~s. Subsequently, this 
invention people found out that the 
amount of the oxygen contained in a 
ich it recrystallizes. 

[Claim 2] It is the semiconductor 
material characterized by laser light 
being pulse oscillation excimer laser light 
in claim 1. 

[Claim 3] It is the semiconductor 
material characterized by heat-treating 
in the ambient atmosphere containing 
hydrogen after said semiconductor 
material is able to irradiate laser light or 
a strong light equivalent to it in claim 1. 



[Claim 4] it be the production approach of 
the semiconductor material characterize 
by have the process in which each 
concentration of carbon, nitrogen, and 
oxygen form the silicon film of the 
amorphous nature which be three or less 
[ Ix 1019cm - ] preferably three or less 
[ 5x1019cm - ], and the process make to 
recrystallize after irradiate laser light or 
strong light equivalent to it and make 
said silicon coat fuse it. 
[Claim 5] The process in which each 
concentration of carbon, nitrogen, and 
oxygen forms the silicon film of the 
amorphous nature which is three or less 
[ 1x1019cm - ] preferably three or less 
[ 5x1019cm - ], The production approach 
of the semiconductor material 
characterized by having the process 
which forms the protective coating of 
oxidation silicon, silicon nitride, and 
silicon carbide on this silicon coat, and 
the process made to recrystallize after 
irradiating laser light or a strong light 
equivalent to it and making it fuse 
through said protective coating. 
[Claim 6] It is the production approach of 
the semiconductor material characterized 
by for the chemical formula of a 
protective coating being SiNx Oy Cz (0 
<= x <=4/3, 0<=y<=2, 0<=z<=l, 
0<3x+2y+4z<=4), and a protective coating 
penetrating the laser light used at a next 
process, or a strong light equivalent to it 
in claim 5. 

[Claim 7] The process in which each 
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concentration of carbon, nitrogen, and 
oxygen forms the silicon film of the 
amorphous nature which is three or less 
[ 1x1019cm • ] preferably three or less 
[ 5x1019cm - ], The production approach 
of the semiconductor material 
characterized by having the process made 
to recrystallize and the process which 
heat-treats at 200-600 degrees C in the 
ambient atmosphere which contains 
hydrogen after that after irradiating 
laser light or a strong light equivalent to 
it and making said silicon coat fuse it. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention 
relates to the semiconductor material 
which uses silicon as a principal 
component. Especially this invention 
becomes possible [ producing the thin 
film semiconductor equipments (thin film 
transistor etc.) with which the property 
has been improved ] by using the 
semiconductor material by this invention 
for the purpose of the improvement in a 
property of a thin film-like silicon 
semiconductor material. 
[0002] 

[Description of the Prior Art] In 
producing thin film semiconductor 
equipments, such as a thin film 
field-effect transistor, conventionally, the 
noncrystalline semiconductor material 



(the so-called amorphous semiconductor) 
or the semiconductor material of 
polycrystal was used. Hereafter, the word 
of being amorphous is used also including 
matter with which about several nm 
short range order exists rather than 
means only the randomness in atomic 
level purely. It is specifically made 
electron mobility and the silicon 
ingredient below 10cm2/V-s or the carrier 
mobility of the matter means 1% or less 
of ingredient of the essential carrier 
mobility of the semi conducting material, 
therefore - usually - micro crystal - or - 
semi — suppose that the matter which is 
the aggregate of the about lOnm detailed 
crystal called amorphous is also called 
amorphous. 

[0003] Now, when using amorphous 
semiconductors (an amorphous silicon, 
amorphous germanium, etc.), 400 degrees 
C or less since it can carry out at low 
temperature comparatively, the 
production attracts attention as a 
promising approach in the liquid crystal 
display which cannot adopt an 
elevated- temperature process. 
[0004] However, since the carrier mobility 
(electron mobility and Hall mobility) was 
remarkable and small, pure amorphous 
semiconductors were rare, and using this 
as a channel formation field of a thin film 
transistor (TFT) as it is irradiates strong 
light, such as laser light and xenon lamp 
light, it makes these amorphous 
semiconductor ingredient they usually 
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carry out melting recrystallization, 
carried out conversion to the 
semiconductor material of a crystalline 
substance, raised the carrier mobility, 
and used them. (Although the approach 
of ** will be called "laser annealing" by 
the following texts, laser must not 
necessarily be used.) It shall be contained 
also when irradiating a powerful flash 
lamp light which brings about whether it 
is the same concord as a laser light 
exposure. 

[0005] However, generally the carrier 
mobility of the semiconductor material 
conventionally obtained by the laser 
annealing method was smaller than what 
is obtained with a single crystal 
semiconductor material. For example, in 
the case of a silicon coat, it is reported, 
and the biggest electron mobility is 
200cm2 / V*s, and there is this [ no ] the 
electron mobility of single crystal silicon, 
and 1/7 of 1350cm27 V-s. Moreover, since 
dispersion in the mobility in the coat as it 
with it was large, and dispersion in the 
property of the semiconductor device 
obtained was large when forming many 
components in the same flat surface, the 
yield of a product fell remarkably. [ the 
property (mainly mobility) of the 
semiconductor material obtained by the 
laser annealing method lacking in 
repeatability and and ] [ same ] 
[0006] 

[Problem(s) to be Solved by the 
Invention] This invention aims to let 



mobility improve very small, the property 
of the semiconductor material of the 
shape of a thin film with which practical 
use was not able to be presented 
compared with a single crystal 
semiconductor material, since the 
repeatability is bad by the conventional 
laser annealing method. That is, while 
offering a thin film-like semiconductor 
material with high mobility, the 
production approach of a semiconductor 
material of obtaining high mobility with 
sufficient repeatability is offered. 
[0007] 

[Means for Solving the Problem] Now, 
Raman spectroscopy is an approach 
effective when evaluating the 
crystallinity of the matter, and the 
purpose which quantifies the crystallinity 
of the semi-conductor coat produced by 
the laser annealing method is also used, 
this invention people found out having 
the property of a semi conductor thin film 
that these numeric values are acquired, 
and very close relation in research of the 
laser annealing method by paying one's 
attention to the central value of the 
Raman peak of the semi-conductor coat 
obtained, the width of face of the Raman 
peak, the height of the Raman peak, etc. 
[0008] For example, in single crystal 
silicon, although the Raman peak existed 
in 521cm- 1, the inclination which the 
Raman peak of the silicon coat by which 
laser annealing processing was carried 
out moves to the number (long wave 
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merit) side of short wave rather than it 
was observed. And it was discovered that 
there is a strong correlation in the central 
value of the Raman peak at this time and 
the carrier mobility of the obtained 
semi conductor thin film. 
[0009] Although drawing 1 is one 
example which shows this relation, the 
central value (axis of abscissa) of the 
Raman peak of a coat and the relation of 
the electron mobility (axis of ordinate) of 
a coat which were obtained by carrying 
out laser annealing processing of the 
amorphous silicon coat are shown. 
Electron mobility produces TFT with a 
silicon coat, and has shown the value 
acquired by measuring the valve flow 
coefficient (capacity -electrical potential 
difference) property. A big difference is 
looked at for the central value of the 
Raman peak by the behavior of electron 
mobility bordering on 515cm-l so that 
clearly from drawing. That is, although 
the Raman peak dependency of electron 
mobility is small at one or less [ 515cm - ], 
electron mobility increases quickly with 
the increment in the central value of a 
peak or more [ 515cm - ] by one. 
[00 10] This phenomenon shows clearly 
that two phases exist. According to 
research of this invention persons, 
without a coat fusing also by laser 
annealing, atomic ordering advances 
with solid phase, or more [ 515cm - ] by 
one, a coat fuses by laser annealing and it 
is presumed one or less [ 515cm - ] that it 



solidifies through a liquid phase 
condition. 

[0011] The maximums of the electron 
mobility which the central value of the 
Raman peak did not exceed Raman peak 
value 52 lcm -1 of single crystal silicon, 
and was obtained were about 200cm2 / 
V-s. Subsequently, this invention people 
found out that the amount of the oxygen 
contained in a coat, nitrogen, and carbon 
had had big effect on mobility in the way 
of the research which should make 
mobility improve. Although a minute 
amount [ what is shown in drawing 1 / 
the number of the nitrogen atom which 
exists in the film and oxygen atoms / 
extent which can be disregarded ], the 
number of oxygen atoms was about 
[ 2x1021cm - ] three in the membranous 
center section. Then, it investigated how 
the central value of the Raman peak and 
the relation of electron mobility would 
change by decreasing the number of the 
oxygen atoms contained in the film. 
[0012] Hereafter, on these specifications, 
the concentration of different-species 
elements, such as these oxygen, nitrogen, 
and carbon, shall mean the concentration 
for a core of a coat. Although the 
concentration of these different-species 
element is very high near the front face of 
the part near the substrate of a coat, or a 
coat, it is because it thought that the 
different-species element which exists in 
these fields did not have great effect on 
the carrier mobility made into a problem 
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by this invention. In a coat, the part with 
the smallest concentration of a cholera 
different- species element is a 
membranous central part with the usual 
coat, and it is because it is thought that a 
membranous central part plays an 
important role in semiconductor devices, 
such as a field effect transistor. Since it is 
above, in only calling it the concentration 
of a different- species element, it shall 
point out the concentration of the center 
section of the coat on these specifications. 
[0013] This is shown in drawing 2 . 
Electron mobility was able to be 
remarkably raised by , reducing the 
oxygen density in the film so that more 
clearly than drawing 2 . This inclination 
was the same when carbon and nitrogen 
were contained in the film. Although a 
part with few oxygen atoms serves as a 
crystalline nucleus and crystal growth is 
carried out as the reason in case a coat 
does melting and reerystallization of by " 
laser annealing, when there are many 
oxygen atoms in the film among this 
invention people The oxygen atom 
contained in the film is driven away with 
the crystal growth to the circumference, 
and deposits in a grain boundary. 
Therefore, the opinion that mobility 
benefits small the barrier produced in a 
grain boundary when it sees through the 
whole coat, Although the field (it is 
generally thought that it is larger than 
silicon with the pure melting point) 
where the concentration of an oxygen 



atom or an oxygen atom is big serves as a 
crystalline nucleus and crystal growth is 
carried out by laser annealing The 
opinion that there is much generating of 
a crystalline nucleus when there are 
many oxygen atoms, the magnitude of the 
crystal per one therefore becomes small, 
and mobility is small, and crystallinity is 
spoiled is proposed. 

[0014] Anyway, very big electron mobility 
was able to be obtained by laser 
annealing by making the oxygen density 
in a coat small. For example, big electron 
mobility called 1000cm2 / Vs was 
obtained by setting an oxygen density to 
lxl019cm-3. The same effectiveness was 
able to be acquired also by making 
concentration of nitrogen, and 
carbonaceous concentration small besides 
an oxygen density. Furthermore, the 
inclination with the same said of Hall 
mobility was acquired. 
[0015] Furthermore, even- when an 
oxygen density was large, and even when 
small, the location of the Raman peak 
and the curve of electron mobility showed 
signs that it bent like the case of drawing 
1 . this invention people presumed the 
field on the right of the dotted line of 
drawing 2 to be what was recrystallized 
by laser annealing once the coat fused, 
and named this field the 
melting-recrystallization field. Big 
mobility was obtained in this 
melting-recrystallization field. 
[0016] this invention people discovered 
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that the still more nearly same 
inclination was seen also in the Raman 
full width at half maximum (FWHM). 
This situation is shown in drawing 3 . 
The axis of abscissa of drawing 3 breaks 
by half -value width of single crystal 
silicon the Raman full width at half 
maximum of the coat which carried out 
laser annealing, and calls it a 
half-value-width ratio (FWHM RATIO) 
here. FWHM It is thought that RATIO is 
small and has structure with the thing 
nearer to single crystal silicon nearer to 1. 
And when an oxygen density was the 
same, the thing which has FWHMRATIO 
close to 1 was understood that electron 
mobility is large so that clearly from 
drawing. Moreover, like the case of the 
central value of the previous Raman peak, 
what has a smaller oxygen density in the 
film had larger electron mobility, and the 
same inclination was seen also about the 
concentration" of nitrogen or carbon 
besides the concentration of oxygen. That 
is, electron mobility with a bigger thing 
with such smaller concentration was 
obtained. Furthermore, the inclination 
with the same said of Hall mobility was 
seen. Also in this case, I think that 
left-hand side [ dotted line / of drawing 3 1 
is a meltingrecrystallization field like 
the case of drawing 2 . 
[0017] Furthermore, it became clear that 
this invention people have electron 
mobility and close correlation also about 
the reinforcement of the peak which 



originates in the amorphous component 
in the film among the Raman peaks. 
Drawing 4 breaks the reinforcement la of 
the Raman peak (peak of the 480cm- 1 
neighborhood) resulting from the 
amorphous component of the coat which 
carried out laser annealing by the Raman 
peak Ic (peak of the 521cm- 1 
neighborhood) of single crystal silicon, 
and is the following and INTENSITY .lt 
is referred to as RATIO. INTENSITY 
About RATIO, if the oxygen density in the 
film is the same, it is INTENSITY 
RATIO was small, namely, electron 
mobility was so large that there were few 
amorphous components in the film, and 
electron mobility became large, so that 
there were few amounts of the oxygen 
further contained in the film. The same 
inclination was seen also about the 
concentration of nitrogen or carbon 
besides the concentration of oxygen. That 
is, electron mobility with a bigger thing 
with such _ smaller concentration was 
obtained. Furthermore, the inclination 
with the same said of Hall mobility was 
seen. Also in this case, I think that 
left-hand side [ dotted line / of drawing 4 ] 
is a melting recrystallization field like 
the case of drawing 2 and drawing 3 . 
[0018] Furthermore, experientially, when 
the reinforcement of the Raman peak was 
big, big carrier mobility was obtained, 
and the reinforcement of the Raman peak 
of a coat with the small concentration of 
oxygen, nitrogen, and carbon was large. 
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[0019] Now, as mentioned above, in order 
to raise carrier mobility, it became clear 
that what is necessary is just to reduce 
the amount of the oxygen in the film, 
nitrogen, and carbon. Three or less 
[ 5x1019cm ■ ], this invention people 
found out that 1000cm2 / V-s tiling value 
was acquired as electron mobility for 
example, by the silicon film, when each 
amount of these elements carried out to 
three or less [ 1x1019cm - ] especially 
desirably, this invention people found out 
that the repeatability could be raised 
while the value more near the carrier 
mobility of a single crystal semiconductor 
was ac quire d by re ducing the 
concentration of these elements further. 
Moreover, the value of 300 500cm2 / V-s 
was able to be acquired to stability as 
Hall mobility by the same approach. 
[0020] However, for example, in the 
environment where a degree of vacuum is 
very high, making concentration of these 
elements or Jess [ 1x1016 cm - ] into three 
cannot be easily attained, even if it 
performs laser annealing on a coat [ that 
concentration of these elements is very 
small (3 or less / 1x1016cm • /) ]. In an 
ambient atmosphere, since this is 
incorporated in the film in case ****** 
rare ********** ? nitrogen gas, moisture, a 
carbon dioxide, etc. are laser annealing, it 
is conjectured to be because for it to have 
been incorporated in the film when these 
gas by which it adsorbed on the 
membranous front face was laser 



annealing. 

[0021] And in order to avoid such 
difficulties, the special production 
approach is required. One approach can 
form the semi -conductor coat of mobility 
very small [ concentration of oxygen, 
nitrogen, and carbon ], and high by 
covering the front face of three or less 
[ 1015cm - ] amorphous semiconductor 
film, forming protective coats, such as 
oxidation silicon, silicon nitride, and 
silicon carbide, and performing laser 
annealing in a vacuum ambient 
atmosphere (10 to 4 or less torrs) after 
that, for example, the concentration of 
oxygen, nitrogen, and carbon is very 
small. For example, the silicon coat of 
1000cm2 / V-s was obtained [ each 
concentration of carbon, nitrogen, and 
oxygen ] for electron mobility or less 
[ 1x1015cm - ] by three. 
[0022] The approach of forming 
membranes continuously is suitable by 
covering the front face of the amorphous 
semiconductor film, facing forming 
protective coats, such as oxidation silicon, 
silicon nitride, and silicon carbide, and 
making it the ambient atmosphere 
suitable for membrane formation, once 
changing into the condition of a high 
vacuum extremely, without changing an 
ambient atmosphere within the same 
chamber after being the chamber which 
has one vacuum devices, for example, 
forming an amorphous semiconductor 
coat by the CVD method or the spatter. 
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However, in order to raise the yield of a 
product, repeatability, and dependability 
more, the chamber of dedication is 
prepared for formation of each coat, and, 
as for a product, it is desirable to adopt 
the method which moves each chamber 
with the condition of having been 
extremely maintained at the high 
vacuum. Selection of the approach of 
these membrane formation is made 
according to the scale of 
plant-and-equipment investment, the 
interface of an amorphous semiconductor 
and the protective coat on it is not 
adsorbed [ that there are fully little the 
oxygen and nitrogen with which an 
important thing is included in the 
amorphous semiconductor film of a 
substrate, and carbon even if it adopts 
which approach, and ] in gas it comes 
out. For example, when a silicon nitride 
coat is formed on it once exposing the film 
to atmospheric air even if it forms the 
very pure amorphous semiconductor film, 
generally the carrier mobility of the coat 
obtained by carrying out laser annealing 
of the coat is small, and the probability 
for what has big mobility to be obtained is 
very small. The front face of the 
amorphous semiconductor film is 
adsorbed in gas, and this is considered to 
be because for it to be spread in a coat in 
case this is next laser annealing. 
[0023] Moreover, if the conditions which 
penetrate laser light as an ingredient of 
the protective coat at this time are 



fulfilled You may be oxidation silicon, 
silicon nitride, and silicon carbide, and 
these are intermingled, and they are <DP 
N=0005> ** and a chemical formula. It 
does not matter even if it is an ingredient 
containing the ingredient expressed with 
SiNx Oy Cz (0 <=x <=4/3, 0<=y<=2, 
0<=z<=l, 0 <=3x+2y+4z<=4). Moreover, 
as for the thickness, 50-1000nm was 
suitable. 

[0024] Now, although it showed clearly 
that this invention obtains the 
semiconductor coat which has high 
carrier mobility by reducing the 
concentration of the oxygen which exists 
in the case of reducing the concentration 
of the oxygen in an amorphous 
semiconductor coat, nitrogen, and carbon, 
and laser annealing, nitrogen, and carbon 
The electron mobility or Hall mobility 
obtained at this time is the average value 
of the channel formation field of the 
field-effect transistor formed for 
measurement, and, it cannot ask for the. 
mobility in each detailed part of a 
channel formation field. However, it 
became clear that carrier mobility can be 
uniquely determined from parameters, 
such as reinforcement of the amorphous 
component in the location of the Raman 
peak, the Raman full width at half 
maximum, and the Raman peak and 
reinforcement of the Raman peak, so that 
clearly from the description relevant to 
drawing 1 of this invention - drawing 4 , 
and them, therefore, the mobility of the 
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minute field which cannot measure 
mobility directly - Raman - near 
mobility can be presumed from such 
information by the spectrum. 
[0025] Drawing 5 shows the Raman full 
width at half maximum (FWHM) in each 
part of a channel formation field of the 
field effect transistor in which electron 
mobility has the channel formation field 
in which it was formed of laser annealing 
by which it was measured with 22cm2 / 
V-s, 201cm2 / V-s, and 980cm2 / V-s. In 
drawing, an axis of abscissa expresses the 
location of a channel formation field. L is 
the die length of a channel formation field, 
and is 100 micrometers. X expresses the 
coordinate of a channel formation field, in 
X/L=0, an interface with the source field 
of a channel formation field and X/L=l 
express an interface with the drain field 
of a channel formation field, and X/L=0.5 
express the center of a channel formation 
field, clear from drawing ■* as - electron 
mobility - 22cm2 - the.thing of /V-s has 
large FWHM and, moreover, the 
fluctuation is not large. It is as the 
crystallinity of a coat having stated being 
near and that electron mobility is so large 
to the thing of a single crystal by 
explanation relevant to drawing 3 and it, 
so that FWHM is small, and this data 
situation is not contradictory to it. 
However, the crystallinity of a coat does 
not call at a location that the fluctuation 
(location dependency) by the location of 
FWHM is small, but a tale requires that 



it is almost the same. In addition, the 
oxygen density of this coat is abbreviation 
8xl020cm-3, and is presumed to be what 
was not fused depending on laser 
annealing. 

[0026] On the other hand, an oxygen 
density is the same and the electron 
mobility of the thing of 201cm2 / Vs was 
8xl020cm-3. Although FWHM was 
falling generally so that clearly from 
drawing, the location dependency of 
FWHM was large. And depending on the 
location, the value of FWHM with 
electron mobility smaller than the thing 
of 980cm2 / V s, an EQC, or it was shown. 
Although it suggests that that FWHM is 
small has the large electron mobility of 
the part, this means having carried out 
localization of the part which has 
crystallinity equivalent to single crystal 
silicon in the same coat. However, when 
mass-producing as a device, however it 
may say that mobility is large, it is not 
desirable to use the ingredient from 
which a property differs greatly by the 
location in this way. 

[0027] Electron mobility was 
abbreviation lxl019cm-3 remarkably 
small compared with two of others [ thing 
/ of 980cm2 / V-s / oxygen density ]. 
FWHM is small and its location 
dependency of FWHM is also still smaller 
generally so that clearly from drawing. 
On the whole, this has large electron 
mobility, and it suggests consisting of an 
ingredient which has crystallinity 
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equivalent to single crystal silicon, and is 
extremely suitable for mass-producing to 
a device etc. 

[0028] In order to obtain high carrier 
mobility while making the concentration 
of the different- species element in the 
film reduce, the conditions of laser 
annealing must be optimized as 
mentioned above. The conditions of this 
laser annealing change with oscillating 
conditions (continuous oscillation, a pulse 
oscillation, a repeat frequency 
reinforcement, wavelength, coat, etc.) of 
laser, and do not generally have ******. It 
is required to choose as laser with the 
thickness of the film which can use 
visible and infrared laser and carries out 
laser annealing like the ultraviolet laser 
like various excimer lasers and an YAG 
laser. That is, generally since the 
absorption length to ultraviolet rays is 
short in silicon or a germanium 
ingredient, laser light does not reach to a 
deep part, but laser annealing happens 
only in a surface comparatively shallow 
field. On the other hand, to the light and 
infrared radiation, absorption length is 
long, light trespasses even upon the 
interior comparatively and, therefore, as 
for laser annealing, a deep part also 
happens. Therefore, it is possible by 
choosing the class of thickness and laser 
to carry out laser annealing of only near 
the membranous front face. Anyway high 
carrier mobility was obtained by choosing 
the wavelength of laser, reinforcement, 



etc. so that it might pass through the 
process of melting-recrystallization. In 
order to fulfill the conditions of melting, 
in the case of 1400 degrees C or more and 
germanium, at long time amount, 1000 
degrees C or more need the temperature 
of the part by which laser is irradiated 
under atmospheric pressure under 
atmospheric pressure more than for the 
melting point of the semi-conductor, i.e., 
the case of silicon. However, for example, 
even if temper ature which exceeds 2000 
degrees C momentarily in the very short 
time amount of 10 nanoseconds which is 
realized with the excimer laser is 
observed in spectroscopy, it may also 
happen that melting of a coat is not 
observed and the definition of this 
temperature seldom has semantic^ in fact. 
[0029] Although it was an additional 
matter, after carrying out laser annealing 
of the semi-conductor coat, it was 
effective to have performed annealing 
treatment of 10 minutes - 6 hours at 
200-600 degrees C in a hydrogen ambient 
atmosphere in order to obtain high 
carrier mobility with sufficient 
repeatability. An azygos joint hand 
(tangling bond) arises in a 
semi-conductor interatomic bond, and 
this is considered to be for this to function 
as an obstruction over a carrier at the 
same time recrystallization takes place 
by laser annealing. When many oxygen, 
nitrogen, carbon, etc. are contained in a 
semi -conductor, these are considered to 
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bury a dangling bond, but like this 
invention, when the concentration of 
oxygen, nitrogen, carbon, etc. is 
remarkable and small, a dangling bond 
cannot be buried but it is thought that it 
is therefore necessary after laser 
annealing to anneal in a hydrogen 
ambient atmosphere. 
[0030] 

[Example] [Example l] TFT of planar 
structure was produced and the electrical 
property was evaluated. The production 
approach is shown in drawing 6 . First, 
the amorphous silicon coat with a 
thickness of about lOOnm was formed by 
the usual RF spatter. The substrate was 
[ the pressure of a quartz 601, the 
substrate temperature of 150 degrees C, 
and an ambient atmosphere ] 0.5 pascals 
(pa) in 100% argon substantially. To an 
argon, the gas of hydrogen and others 
was not added intentionally. The 
concentration of an argon was 99.99% or 
more. Injection power was 200W and RF 
frequency was 13.56MHz. Then, this 
amorphous silicon film was etched into 
the 100micrometerx500micrometer 
rectangle, and the amorphous silicon film 
602 was obtained. 

[0031] It checked that each concentration 
of the oxygen of this coat, nitrogen, and 
carbon was three or less [ 1019cm - ] 
according to the secondary ion mass 
spectrometry (SIMS). 
[0032] Subsequently, this film was placed 
into the vacuum housing of the pressure 



of 10 5torr, excimer laser light (KrF laser, 
the wavelength of 248nm, 10 
nanoseconds of pulse width, exposure 
energy 200m J, 50 shots of exposure pulse 
numbers) was irradiated through the 
quartz aperture prepared in the vacuum 
housing, and laser annealing was 
performed. 

[0033] Furthermore, gate dielectric film 
603 with a thickness of about lOOnm was 
formed in this by the spatter in the inside 
of an oxygen ambient atmosphere. 150 
degrees C and RF (13.56MHz) injection 
power of the substrate temperature at 
this time were 400W. An ambient 
atmosphere is oxygen substantially and 
other gas was not added intentionally. 
The concentration of oxygen was 99.9% or 
more. Pressures were 0.5pa(s). 
[0034] Then, the aluminum film (200nm 
in thickness) was formed with 
well-known vacuum evaporation 
technique, the unnecessary - part was " 
removed by the well-known dry etching 
method, and the gate electrode 604 was 
formed. The width of face of a gate 
electrode was 100 micrometers. At this 
time, the photoresist 605 used for dry 
etching was left behind on the gate 
electrode. 

[0035] Subsequently, HOUSO ion was 
poured in 10 14cm- 2 by the ion 
implantation method in addition to the 
part of a gate electrode. The gate 
electrode and photoresist on it serve as a 
mask, and HOUSO ion is not poured into 
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the bottom of a gate electrode. Of this 
process, the impurity range, i.e., the 
source field 606 and the drain field 607, 
was formed into the silicon coat. This 
situation is shown in drawing 6 (B). 
[0036] Furthermore, the whole substrate 
was placed into the vacuum housing, 
excimer laser light (KrF laser, the 
wavelength of 248nm, 10 nanoseconds of 
pulse width, exposure energy lOOmJ, 50 
shots of exposure pulse numbers) was 
irradiated by the pressure of 10-5torr, 
and laser annealing was performed. It 
recrystallized the impurity range which 
ion implantation was carried out by this 
process and made amorphous according 
to it. 

[0037] Subsequently, heat annealing in 
the inside of a hydrogen ambient 
atmosphere was performed. After having 
placed the substrate into the chamber 
which can carry out evacuation, once 
exhausting with the turbo molecular 
pump to 10-6torr and maintaining this 
condition for 30 minutes, the hydrogen 
gas of 99.99% or more of purity was 
introduced in the chamber to 100torr(s), 
and the substrate was annealed at 300 
degrees C for 60 minutes. Here, 
evacuation was once carried out for 
removing the gas, the moisture, etc. with 
which the coat was adsorbed. After these 
had remained, when heat annealing was 
performed, it required that high mobility 
could not be obtained with sufficient 
repeatability as it is experientially 



sudden. 

[0038] Finally the hole was made in the 
oxidation silicon film (lOOhm in 
thickness) which exists on a source field 
and a drain field, and the aluminum 
electrodes 608 and 609 were formed in 
these fields. The field effect transistor 
was formed of the above process. 
[0039] As a result of measuring the valve 
flow coefficient property of this field effect 
transistor, the electron mobility of a 
channel formation field was 980cm2 / V-s. 
Furthermore, the threshold electrical 
potential difference (threshold electrical 
potential difference) was 4.9V. Moreover, 
as a result of measuring the 
concentration of the oxygen in the 
channel formation field of this field effect 
transistor, nitrogen, and carbon by SIMS, 
all were three or less [ 1x1019cm - ]. 
[0040] [Example 2] TFT of planar 
structure was produced and the electrical 
property was evaluated. First,* the - 
amorphous silicon coat with 3x1017cm - a 
thickne ss [ including Lynn of the 
concentration of 3 ] of about lOOnm was 
formed by the usual RF spatter. 
Annealing of the whole film is carried out 
in this thickness by the KrF laser light 
(248nm) used for next laser annealing. 
The substrate was [ the pressure of a 
quartz, the substrate temperature of 150 
degrees C, and an ambient atmosphere ] 
0.5 pascals (pa) in 100% argon 
substantially. To an argon, the gas of 
hydrogen and others was not added 
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intentionally. The concentration of an 
argon was 99.99% or more. Injection 
power was 200W and RF frequency was 
13.56MHz. Then, this amorphous silicon 
film was etched into the 
100micrometerx500microme ter rectangle . 
[0041] It checked that each concentration 
of the oxygen of this coat, nitrogen, and 
carbon was three or less [ 1019cm - ] 
according to the secondary ion mass 
spectrometry (SIMS). 
[0042] Furthermore, gate dielectric film 
with a thickness of about lOOnm was 
formed in this by the spatter in the inside 
of an oxygen ambient atmosphere. 150 
degrees C and RF (13.56MHz) injection 
power of the substrate temperature at 
this time were 400W. An ambient 
atmosphere is oxygen substantially and 
other gas was not added intentionally. 
The concentration of oxygen was 99.9% or 
more. Pressures were 0.5pa(s). 
[0043] Then, the aluminum film (200nm 
in thickness) was formed with 
well-known vacuum evaporation 
technique, the unnecessary part was 
removed by the well-known dry etching 
method, and the gate electrode was 
formed. The width of face of a gate 
electrode was 100 micrometers. At this 
time, the photoresist used for dry etching 
was left behind on the gate electrode. 
[0044] Subsequently HOUSO ion was 
poured in 1014cm-2 by the ion 
implantation method in addition to the 
part of a gate electrode. The gate 



electrode and photoresist on it serve as a 
mask, and HOUSO ion is not poured into 
the bottom of a gate electrode. Of this 
process, the impurity range, i.e., a source 
field and a drain field, was formed into 
the silicon coat. 

[0045] Furthermore, the whole substrate 
was put on the vacuum housing, by the 
pressure of 10-5torr, excimer laser light 
(KrF laser, the wavelength of 248nm, 10 
nanoseconds of pulse width, exposure 
energy 100m J, 50 shots of exposure pulse 
numbers) was irradiated from the rear 
face of a substrate, and laser annealing 
was performed. The amorphous silicon 
film was crystallized by this process. As 
for this approach, unlike the case of an 
example 1, crystallization of a source field 
or a drain field, and a channel formation 
field is performed to coincidence. 
Therefore, by the approach of an example 
1, to many defects having arisen in the 
interface of a source field or a drain field, 
and a channel formation field, there were 
few defects . and the interface with 
continuous crystallinity was acquired. 
[0046] Subsequently, heat annealing in 
the inside of a hydrogen ambient 
atmosphere was performed. The 
substrate was placed into the chamber 
which can carry out evacuation, and it 
once exhausted with the turbo molecular 
pump to 10-6torr, and heated at 100 more 
degrees C. After maintaining this 
condition for 30 minutes, the hydrogen 
gas of 99.99% or more of purity was 
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introduced in the chamber to lOOtorr(s), 
and the substrate was annealed at 300 
degrees C for 60 minutes. Here, 
evacuation was once carried out for 
removing the gas, the moisture, etc. with 
which the coat was adsorbed. After these 
had remained, when heat annealing was 
performed, it required that high mobility 
could not be obtained with sufficient 
repeatability as it is experientially 
sudden. 

[0047] Finally the hole was made in the 
oxidation silicon film (lOOnm in 
thickness) which exists on a source field 
and a drain field, and the aluminum 
electrode was formed in these fields. The 
field effect transistor was formed of the 
above process. 

[0048] As a result of measuring the valve 
flow coefficient property of this field effect 
transistor, the electron mobility of a 
channel formation field was 990cm2 / V s. 
Furthermore, the threshold electrical 
potential difference (threshold electrical 
potential difference) was 3.9V. It is 
thought that that (it fell) by which the 
threshold electrical potential difference 
has been improved compared with an 
example 1 is because the impurity range 
and channel formation field was also 
crystallized to homogeneity by 
performing laser annealing from a rear 
face at coincidence, moreover, the ratio of 
the drain current when carrying out 
ON/OFF of the gate voltage - 5x106 it 
was , 



[0049] As a result of measuring the 
concentration of the oxygen in the 
channel formation field of this field effect 
transistor, nitrogen, and carbon by SIMS, 
all were three or less [ 1x1019cm - ]. 
Moreover, when the channel formation 
field was measured by Raman 
spectroscopy, existence of the silicon 
which recrystallized once the central 
value of the Raman peak is 4.5cm- 1 and 
fused 520cm- 1 and the Raman full width 
at half maximum was checked. 
[0050] [Example 3] TFT of planar 
structure was produced and the electrical 
property was evaluated. First, the 
amorphous silicon coat with a thickness 
of about lOOnm and the silicon nitride 
coat with a thickness [ on it ] of lOnm 
were continuously formed using the 
membrane formation equipment which 
has two chambers on the quartz 
substrate by which coating was carried 
out with the silicon nitride coat with a 
thickness ofAOnm. The usual spatter, the 
amorphous silicon film produced the 
silicon nitride film by the glow discharge 
plasma- CVD method again. 
[0051] First, while setting the substrate 
to the 1st spare room and heating the 
spare room at 200 degrees C, evacuation 
was carried out and the pressure of a 
spare room held in the condition of 10 to 6 
or less torrs for 1 hour. Subsequently, 
except the time of membrane formation, 
having exhausted the 1st chamber 
managed so that the open air might not 
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enter to 106torr, moving a substrate 
from a spare room, setting a substrate to 
the 1st chamber, and holding [ always 
having been held at 10 to 4 or less torrs, ] 
a substrate and a target at 200 degrees C, 
evacuation was carried out and the 
pressure of a chamber held in the 
condition of 10 to 6 or less torrs for 1 hour. 
And argon gas was introduced in the 
chamber, RF plasma was generated, and 
spatter membrane formation was 
performed. The target of a spatter uses 
the silicon target of 99.9999% or more of 
purity, and includes 1 ppm Lynn. The 
substrate temperature at the time of 
membrane formation was [ the pressure 
of 150 degrees C and an ambient 
atmosphere ] 5xl0-2torr in 100% argon 
substantially. To an argon, the gas of 
hydrogen and others was not added 
intentionally. The concentration of an 
argon was 99.9999% or more. Injection 
power was 200W and RF frequency was 
13.56MHz. 

[0052] RF discharge was suspended after 
membrane formation termination, and 
the 1st chamber was exhausted to 
10-6torr. Subsequently, it was always 
held at 10 to 5 or less torrs, evacuation of 
the 2nd spare room prepared between the 
1st chamber and the 2nd chamber was 
carried out to 10-6torr, and the substrate 
was transported to the 2nd spare room 
from the 1st chamber. Furthermore, 
except the time of membrane formation, 
having exhausted the 2nd chamber 



managed so that the open air might not 
enter to 10"6torr, moving a substrate 
from the 2nd spare room, setting a 
substrate to the 2nd chamber, and 
holding [ always having been held at 10 
to 4 or less torrs, ] a substrate and a 
target at 200 degrees C, evacuation was 
carried out and the pressure of a chamber 
held in the condition of 10 to 6 or less 
torrs for 1 hour. 

[0053] And the ammonia gas and disilane 
gas (Si two H6) of 99.9999% or more of 
purity which were diluted with hydrogen 
by the 2nd chamber were introduced at a 
rate of 3^2, and the whole pressure was 
set to 10-ltorr. And RF current was 
introduced into the chamber, the plasma 
was generated, and silicon nitride was 
formed. Injection power (13.56MHz) was 
200W. 

[0054] RF discharge was suspended after 
membrane formation termination, and 
the 2nd chamber was exhausted to 
10 6torr. .Subsequently, it was prepared 
in one side of the 2nd chamber, 
evacuation of the 3rd spare room which 
has the aperture of a quartz was carried 
out to 10-6torr, and the substrate was 
transported to the 3rd spare room from 
the 2nd chamber. And excimer laser light 
(KrF laser, the wavelength of 248nm, 10 
nanoseconds of pulse width, exposure 
energy 100m J, 50 shots of exposure pulse 
numbers) was irradiated through the 
aperture of the 3rd spare room, and laser 
annealing was performed. In this way, 



15/19 



JP05-299339A 



the amorphous silicon film was 
crystallized. 

[0055] Thus, whether it is the case where 
the protective coat is formed on the 
amorphous semiconductor film as the 
method of performing laser annealing 
continuously is shown in this example, 
without breaking a vacua substantially 
from a membrane formation condition, or 
it was the case where the protective coat 
was not formed like examples 1 and 2, it 
was extremely effective in respect of 
improvement in the yield. It is considered 
to be thing ****** of being avoided that 
dust etc. adheres on a coat, adsorption of 
moisture or gas takes place, or a blemish 
is attached as the reason. 
[0056] moreover, in performing 
membrane formation and laser annealing 
continuously in this way Although how to 
prepare a membrane formation room and 
a spare room like this example, to 
prepare an aperture in a spare room, and 
to perform laser annealing, and the 
method of preparing an aperture in a 
me mbr ane form a tion room and 
performing laser annealing after 
membrane formation termination at a 
membrane formation room can be 
considered Since an aperture blooms 
cloudy by membrane formation, the latter 
does not have the need at the former to 
having to etch the coat which always 
adheres to an aperture. Therefore, if 
mass production nature and 

maintenance nature are taken into 



consideration, it can be said that the 
former approach is excellent. 
[0057] Now, after ending laser annealing 
in the 3rd spare room, desiccation 
nitrogen gas was introduced into the 3rd 
spare room, it considered as atmospheric 
pressure, and the substrate was taken 
out. And the silicon film was etched into 
the 100micrometerx500micrometer 
rectangle after removing a silicon nitride 
film by the well-known dry etching 
method. 

[0058] It checked that each concentration 
of the oxygen of this coat, nitrogen, and 
carbon was three or less [ 1016cm - ] by 
analyzing another coat produced at the 
same process according to a secondary ion 
mass spectrometry (SIMS). 
[0059] Furthermore, gate dielectric film 
with a thickness of about lOOnm was 
formed in this by the spatter in the inside 
of an oxygen ambient atmosphere. 150 
degrees C and RF (13. 56MHz) injection 
power of the substrate temperature at 
this time were 400 W. The target of a 
spatter was oxidation silicon of 99.9999% 
or more of purity. An ambient atmosphere 
is oxygen substantially and other gas was 
not added intentionally. The 
concentration of oxygen was 99.999% or 
more. The pressure was 5xl0-2torr. 
[0060] Then, the aluminum film (200nm 
in thickness) was formed with 
well-known vacuum evaporation 
technique, the unnecessary part was 
removed by the well-known dry etching 
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method, and the gate electrode was 
formed. The width of face of a gate 
electrode was 100 micrometers. At this 
time, the photoresist used for dry etching 
was left behind on the gate electrode. 
[0061] Subsequently, HOUSO ion was 
poured in 1014cm-2 by the ion 
implantation method in addition to the 
part of a gate electrode. The gate 
electrode and photoresist on it serve as a 
mask, and HOUSO ion is not poured into 
the bottom of a gate electrode. Of this 
process, the impurity range, i.e., a source 
field and a drain field, was formed into 
the silicon coat. 

[0062] Furthermore, the whole substrate 
was put on the vacuum housing, by the 
pressure of 10-5torr, excimer laser light 
(KrF laser, the wavelength of 248nm, 10 
nanoseconds of pulse width, exposure 
energy 50m J, 50 shots of exposure pulse 
numbers) was irradiated from the rear 
face of a substrate, and laser annealing 
was performed. The amorphous silicon 
film of the impurity range made 
amorphous according to the ion 
implantation process was crystallized by 
this process. 

[0063] In that two steps of laser 
annealing is performed, although this 
approach is the same as an example 1, it 
aims at continuous connection of an 
impurity range and a channel formation 
field by saying that 2nd laser annealing 
is performed from the rear face of a 
substrate. Especially, microscopic 



ordering of a crystal is promoted without 
the 2nd laser annealing's suppressing 
and carrying out melting of the output of 
laser, while aiming at obtaining the coat 
on which the 1st laser annealing has high 
carrier mobility according to a 
meltingrecrystallization process, and it 
aims at reducing resistance of an 
impurity range. And as for the crystalline 
field (mainly channel formation field) 
where the mobility formed of the 1st laser 
annealing is big, change is hardly 
received by controlling the output of laser, 
in addition - ■ and as it saw in the 
example 2, in the interface of a source 
field or a drain field, and a channel 
formation field, a defect can reduce and 
crystallinity can acquire a continuous 
interface. 

[0064] Moreover, possibility that will not 
start in a deep part or the condition that 
mobility is high will not be acquired 
although annealing of a laser radiation 
side will happen if the. reason for 
performing 1st laser annealing specially 
for channel formation field production 
performs laser annealing with ultraviolet 
laser unlike the approach of an example 2 
is large, and it is because the yield of a 
product may be lowered. Since it is fatal 
for a field effect transistor that the 
mobility of the field close to a gate 
electrode is not high, an exposure from a 
film front face is desired by the exposure 
of the laser light from a rear face. Then, 
in order to make the yield of a product 
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improve, in this example, laser was first 
irradiated from the front face of the 
amorphous silicon film, laser was behind 
irradiated also from the rear face of a 
substrate, and the approach of acquiring 
continuous junction of a channel 
formation field and an impurity range 
was adopted. 

[0065] Subsequently, heat annealing in 
the inside of a hydrogen ambient 
atmosphere was performed. The 
substrate was placed into the chamber 
which can carry out evacuation, and it 
once exhausted with the turbo molecular 
pump to 10-6torr, and heated at 100 more 
degrees C. After maintaining this 
condition for 30 minutes, the hydrogen 
gas of 99.99% or more of purity was 
introduced in the chamber to 100torr(s), 
and the substrate was annealed at 300 
degrees C for 60 minutes. Here, 
evacuation was once carried out for 
removing the gas, the moisture, etc. with 
which the coat was adsorbed. After these 
had remained, when heat annealing was 
performed, it required that high mobility 
could not be obtained with sufficient 
repeatability as it is experientially 
sudden. 

[0066] Finally the hole was made in the 
oxidation silicon film (lOOnm in 
thickness) which exists on a source field 
and a drain field, and the aluminum 
electrode was formed in these fields. The 
field effect transistor was formed of the 
above process. 



[0067] As a result of producing these 100 
field effect transistors and measuring 
those valve flow coefficient properties, 
the electron mobility of a channel 
formation field was 995cm2 / V s on the 
average. Furthermore, the average of a 
threshold electrical potential difference 
(threshold electrical potential difference) 
was 4.2V. the average of the ratio of a 
drain current - 8x106 it was . It is the 
reference value of 5.0V and a drain 
current ratio in the reference value of 
electron mobility about the reference 
value of 800cm2 / V s, and a threshold 
electrical potential difference 1x106 
When it carried out and the passing 
status of 100 field-effect transistors was 
investigated, 91 pieces passed. 
[0068] Moreover, as a result of measuring 
the concentration of the oxygen in the 
channel formation field of these field 
effect transistors, nitrogen, and carbon by 
SIMS, in the field effect transistor which 
passed, each was three or less [ 1x1016cm 
-]. 

[0069] 

[Effect of the Invention] By this invention, 
repeatability was good and it became 
clear that a film-like semi-conductor with 
big mobility is obtained. Although this 
invention explained the laser annealing 
of the semi-conductor coat formed mainly 
in the shape of [, such as a quartz, ] an 
insulating substrate, as an ingredient of 
a substrate, you may be single crystal 
semiconductors, such as a single crystal 
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silicon substrate which is used by a 
monolithic IC etc. Moreover, although the 
example described the silicon coat, this 
invention is applicable, whether it is a 
germanium coat or is a silicon 
germanium alloy coat, and even if it is 
other intrinsic -semiconductor ingredients 
or compound semiconductor ingredients. 
As stated first, although the approach of 
laser annealing is used as the mobility 
improvement approach of an amorphous 
coat, laser also includes the approach 
which is not used in this expression like 
for example, flash lamp annealing. That 
is, this invention relates to the approach 
of improving the crystallinity of a 
semiconductor material using powerful 
optical energy. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing ll The central value (RAMAN 
SHIFT, axis of abscissa) of the Raman 
peak of a silicon coat and the relation of 
electron mobility (axis of ordinate) by 
which laser annealing was carried out are 
shown. The concentration of the oxygen 
in a coat is 2xl021cm-3, 
TDrawing 2l The central value (RAMAN 
SHIFT, axis of abscissa) of the Raman 
peak of a silicon coat and the relation of 
electron mobility (axis of ordinate) to 
which laser annealing of various oxygen 
densities was carried out are shown. 
fDrawing 31 The relation of the ratio 



(FWHM RATIO, axis of abscissa) and 
electron mobility (axis of ordinate) to the 
Raman full width at half maximum of the 
single crystal silicon of the Raman full 
width at half maximum of the silicon coat 
with which laser annealing of various 
oxygen densities was carried out is shown. 
fDrawing 41 The relation of the ratio 
(Ia/Ic, axis of abscissa) and electron 
mobility (axis of ordinate) to the 
reinforcement (peak of 521cm- 1) of the 
single crystal silicon component of the 
reinforcement (peak of 480cm- 1) of the 
amorphous component of the Raman 
peak of the silicon coat with which laser 
annealing of various oxygen densities 
was carried out is shown. 
fDrawing 5l The location dependency of 
FWHM of the Raman peak in the channel 
formation field of a certain field-effect 
transistor is shown. Axis of ordinate: 
FWHM, axis of-abscissa^X/L (L: channel 
length) 

fDrawing 61 The example of the 
production approach of a field effect 
transistor is shown. 
[Description of Notations] 

601 ... Substrate 

602 ... Semi-conductor coat 

603 ... Insulator coat 

604 ... Gate electrode 

605 ... Photoresist 

606 ... Source field 

607 ... Drain field 

608 ... Source electrode 

609 ... Drain electrode 
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